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DENSE WAVELENGTH DIVISION 
MULTIPLEXER WHICH INCLUDES A 

DENSE OPTICAL CHANNEL COMB FILTER 

FIELD OF THE INVENTION 

The present invention relates to ?ber optic networks, and 
more particularly to ?ber optic dense Wavelength division 
multiplexers. 

BACKGROUND OF THE INVENTION 

Fiber optic netWorks are becoming increasingly popular 
for data transmission due to their high speed and high data 
capacity capabilities. Multiple signals and/or Wavelengths 
may be transmitted simultaneously over the same optical 
?ber. For purposes of this discussion, a signal is a single 
stream of logical information carried by an optical ?ber and 
a compound signal is the totality of all such simultaneously 
transmitted signals. If each signal carried in a particular 
direction along an optical ?ber corresponds to a separate 
Wavelength, then the netWork is a Wavelength multiplexed 
system. 
A crucial feature of a Wavelength-multiplexed ?ber optic 

netWork is the separation of a compound optical signal into 
its component single-Wavelength signals, or “channels,” 
typically by a dense Wavelength division multiplexer. This 
separation must occur for the exchange of Wavelengths 
betWeen signals on communications “loops” Within net 
Works to occur. As the demand for information carrying 
capacity over existing ?ber netWorks continues to groW, the 
performance constraints on optical netWork components 
continue to become more severe. 

One potential dif?culty With optical channel separators in 
Wavelength multiplexed systems With dense channel pack 
ing is imperfect optical separation or add-drop performance 
as a result of imperfections in optical components. Such 
imperfections Would include unWanted re?ections of light at 
nominally transparent components, unWanted transmissions 
of light through nominally re?ective components, and light 
scattering from surface roughness of nominally ?at surfaces. 
All such imperfections lead to stray light that can propagate 
in random and uncontrollable directions. The presence of 
this stray light can cause signals to propagate along undes 
ired and incorrect pathWays, thereby causing imperfect 
isolation of one set of signals from another. Such imperfect 
channel separation can cause signals to branch to incorrect 
portions of the netWork and can ultimately lead to 
contamination, for instance, of a signal comprising a par 
ticular Wavelength channel With spurious incorrectly routed 
signals carried on the same channel. 

As an example, FIG. 1 shoWs a schematic representation 
of optical channels as they are transmitted through a dense 
optical channel separator. Athree-port channel separator 101 
initially separates an initial optical input signal 103, com 
prised of a plurality of optical channels, into tWo sub 
signals, a ?rst sub-signal 104 comprised primarily of “odd” 
channels and a second sub-signal 105 comprised primarily 
of “even” channels, respectively. Histograms attached to 
each signal and sub-signal represent, hypothetically, the 
intensities of the channels comprising each. If the channel 
separator 101 is perfect then the sub-signal 104 is comprised 
only of odd channels and the sub-signal 105 is comprised 
only of even channels. HoWever, since, in general, the 
separator 101 is not perfect, there is some “leakage” of even 
channels into sub-signal 104 and of some odd channels into 
sub-signal 105. Depending upon the level of isolation 
betWeen sets of channels required by the Wavelength mul 
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2 
tiplexed system, these spurious channel signals could pro 
vide unacceptable cross talk if, for instance, neW sets of even 
and odd channels, respectively, are subsequently added to 
the sub-signals 104 and 105, as illustrated in FIG. 1. 

Accordingly, there exists a need for a mechanism for 
minimiZing channel leakage in a dense Wavelength division 
system. The mechanism should be easy to manufacture and 
be cost effective. The present invention addresses such a 
need. 

SUMMARY OF THE INVENTION 

The present invention provides a dense Wavelength divi 
sion multiplexer for separating an optical signal into optical 
channels Which minimiZes channel leakage. The multiplexer 
includes a mechanism for inputting an optical signal, the 
optical signal having a plurality of optical channels; at least 
one channel separator optically coupled to the inputting 
mechanism; at least one dense optical channel comb ?lter 
optically coupled to the at least one channel separator; and 
a mechanism for outputting the separated plurality of optical 
channels along a plurality of optical paths, optically coupled 
to the at least one dense optical channel separator. In the 
preferred embodiment, the dense optical channel comb ?lter 
includes a lens optically coupled to the input mechanism 
disposed at a distance equal to a focal length of the lens; a 
birefringent Wedge optically coupled to the lens at a side 
opposite to the inputting means; and a non-linear interfer 
ometer optically coupled to the birefringent Wedge at a side 
opposite to the lens. The comb ?lter of the present invention 
provides an improved efficiency of separation of channels 
When used to supplement an optical channel separator. The 
present invention also provides a higher tolerance to drifts 
than is provided by conventional optical ?lters due to the 
increase in the Widths of the pass bands. The materials 
required to manufacture and implement the dense optical 
channel comb ?lter in accordance With the present invention 
are readily available. The present invention thus does not 
require special or expensive materials or processes. It is thus 
cost effective. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic representation of optical channels 
are they are transmitted through a channel separator. 

FIG. 2 is a schematic representation of optical channels as 
they are transmitted through a channel separator supple 
mented by dense optical channel comb ?lters in accordance 
With the present invention. 

FIG. 3 is a side vieW of a preferred embodiment of a dense 
optical channel comb ?lter in accordance With the present 
invention. 

FIG. 4 is an illustration of a preferred embodiment of a 
non-linear interferometer in the dense optical channel comb 
?lter of the present invention. 

FIG. 5 is an enlarged side vieW of the non-linear inter 
ferometer in the preferred embodiment of the dense optical 
channel comb ?lter of the present invention. 

FIG. 6 is an illustration of the optical pathWays of signals 
comprising odd channels through the preferred embodiment 
of the dense optical channel comb ?lter of the present 
invention. 

FIG. 7 is an illustration of the optical pathWays of signals 
comprising even channels through the preferred embodi 
ment of the dense optical channel comb ?lter of the present 
invention. 

FIG. 8 is a graph of tWo sample spectrum curves, each 
comprised of several channels, as they enter, respectively, a 
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conventional Wavelength division multiplexer and a dense 
optical channel comb ?lter in accordance With the present 
invention. 

DETAILED DESCRIPTION 

The present invention provides a mechanism for mini 
miZing channel leakage in a dense Wavelength division 
system. The following description is presented to enable one 
of ordinary skill in the art to make and use the invention and 
is provided in the context of a patent application and its 
requirements. Various modi?cations to the preferred 
embodiment Will be readily apparent to those skilled in the 
art and the generic principles herein may be applied to other 
embodiments. Thus, the present invention is not intended to 
be limited to the embodiment shoWn but is to be accorded 
the Widest scope consistent With the principles and features 
described herein. 
A dense Wavelength division multiplexer in accordance 

With the present invention utiliZes a dense optical channel 
comb ?lter Which comprises a birefringent Wedge and a 
non-linear interferometer to minimiZe channel leakage. To 
more particularly describe the features of the present 
invention, please refer to FIGS. 2 through 8 in conjunction 
With the discussion beloW. 

FIG. 2 is a schematic representation of optical channels as 
they are transmitted through a channel separator supple 
mented by dense optical channel comb ?lters of the present 
invention. To increase the degree of isolation of the odd 
channel sub-signal 104 from the even channels and of the 
even channel sub-signal 105 from the odd channels, tWo 
dense optical channel comb ?lters, 202A and 202B, 
respectively, may be inserted into the system. Each of the 
?rst and second dense optical channel comb-?lters 202A and 
202B transmits a high proportion of the intensity of the odd 
and even channels, respectively and a negligible proportion 
of the intensity of the even and odd channels, respectively. 
Taken together, the channel separator 101 and each of the 
dense optical channel comb ?lters 202A and 202B provide 
an acceptable level of isolation of the resulting odd channel 
and even channel sub-signals, 204 and 203, respectively. A 
separate channel separator could be used in place of each of 
the comb ?lters 202A and 202B to accomplish a similar 
result. HoWever, the use of such extra channel separators 
Would be expensive and Wasteful, as the comb ?lters are 
generally of simpler design and construction than the sepa 
rators. 

FIG. 3 shoWs a side vieW of a preferred embodiment of a 
dense optical channel comb ?lter 200 in accordance With the 
present invention. The dense optical channel comb ?lter 
comprises tWo optical ?bers 301, 302 mounted in parallel 
and disposed side by side. Fiber 301 is used for signal input 
and ?ber 302 is used for signal output. For geometric 
reference, the common axis of the tWo ?bers 301 and 302 
de?nes the axis of comb ?lter 300. The comb ?lter 300 also 
comprises a lens 303, a Wedge-shaped plate 304 composed 
of a birefringent material such as calcite or rutile, and a 
non-linear interferometer 305. 

In the preferred embodiment, the lens 303 is disposed 
such that it is centered on the comb ?lter axis at a distance 
from the end faces of input ?ber 301 and output ?ber 302 
equivalent to its focal length, f. Also, the birefringent Wedge 
304 is disposed along the ?lter axis to the opposite side of 
the lens 303 from ?bers 301 and 302, and the non-linear 
interferometer 305 is disposed to the opposite side of Wedge 
304 from lens 303. A major dimension of the non-linear 
interferometer 305 is oriented at an angle to the comb ?lter 
main axis as described in more detail following. 
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4 
Through the Well-knoWn double-refraction effect, the 

birefringent Wedge 304 causes a physical decomposition of 
any unpolariZed light beam propagating therethrough such 
that, after having passed through the Wedge 304, the energy 
of the beam Will be distributed among tWo separate beams 
propagating in different directions, one from the other, and 
plane polariZed at right angles to one another. If the incident 
beam comprises a signal 306 as shoWn in FIG. 3, then the 
tWo emergent beams from Wedge 304 comprise tWo sub 
signals 307 and 308. The sub-signal 307 having the least 
de?ection and the sub-signal 308 having the greatest de?ec 
tion from the initial propagation direction of signal 306 
comprise, respectively, an o-ray and an e-ray during their 
traverse through Wedge 304. Such o-rays and e-rays are Well 
knoWn in the art and are not further discussed here. As 
shoWn in FIG. 3, the angles of de?ection of emergent 
sub-signal 307 and of emergent sub-signal 308 relative to the 
initial propagation direction of signal 306 are de?ned as 00 
and 06, respectively. In FIG. 3, as Well as in subsequent 
?gures, signal 306 is illustrated as a solid line Whereas 
sub-signals polariZed consonant With o-rays and e-rays are 
illustrated as dashed and dotted lines, respectively. Although 
each of these (sub-)signals is illustrated as a single line, it is 
to be understood that each of these lines represents the 
central axis of a beam or sheath of parallel light rays. 
The non-linear interferometer 305 is an instance of an 

invention disclosed in a co-pending US. Patent Application 
entitled “Nonlinear Interferometer for Fiber Optic Wave 
length Division Multiplexer UtiliZing a Phase Differential 
Method of Wavelength Separation,” Ser. No. 09/247,253, 
?le on Feb. 10, 1999. Applicant hereby incorporates this 
patent application by reference. 

FIG. 4 illustrates a top vieW of a preferred embodiment of 
an interferometer disclosed in the above identi?ed Patent 
Application. The interferometer 305 comprises tWo parallel 
glass plates 480A and 480B With a space or cavity 410 
therebetWeen. The inside face of the glass plate 480B is 
coated With a layer of re?ective coating 420 With a re?ec 
tivity preferably of 100%. The inside face of the glass plate 
480A is coated With a layer of re?ective coating 440 With a 
re?ectivity preferably of approximately 18%. A quarter 
Wave plate is disposed Within the space 410 and an eighth 
Wave plate is disposed adjacent to plate 480A and external 
to the space 410. 
When signal 30 enters the interferometer 305, it passes 

through the 18% re?ective coating 440 and a Waveplate 495 
preferably of M4. The M4 plate 495 introduces an 180° 
round trip phase change betWeen an o-beam and e-beam of 
the signal inside the cavity 410, and the external M8 plate 
490 introduces a round trip 90° phase change betWeen the 
o-beam and e-beam. The Waveplate 490, preferably of M8, 
?ne tunes the shape of the signal 30. 
Any signal light ray impinging upon non-linear interfer 

ometer 305 is entirely re?ected. HoWever, the operation of 
the non-linear interferometer 305 is such that plane polar 
iZed light having a Wavelength corresponding to every 
second channel (for instance, even-numbered channels) Will 
be re?ected With a 90° rotation of its plane of polariZation 
Whereas plane polariZed light having Wavelengths corre 
sponding to the remaining channels (for instance odd 
numbered channels) Will be re?ected Without a change in 
polariZation. The non-linear interferometer 305 is 
comprised, in part, of parallel re?ective or partially re?ec 
tive surfaces 309 and 310, Which are equivalent to the glass 
plate surfaces With coatings 440 and 420, respectively, as 
shoWn in FIG. 4. If the main or central axis of non-linear 
interferometer 305 is taken as the direction perpendicular to 
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these tWo parallel surfaces 309 and 310, then, the non-linear 
interferometer 305 is oriented such that its main aXis is 
disposed at an angle equivalent to (l/z?eP/z?o) With respect 
to the initial X-aXis or propagation direction of signal 306, as 
illustrated in FIG. 3. 
An enlarged diagram of the non-linear interferometer 305 

and the directions of sub-signal rays 307 and 308 re?ected 
from it are shoWn in FIG. 5. The non-linear interferometer 
305 re?ects sub-signals that impinge upon it and the direc 
tion taken by the re?ected portions of the sub-signals are 
determined as if the non-linear interferometer 305 Were a 
simple mirror. The re?ection direction is not affected by 
Whether the sub-signals comprise odd channels or even 
channels. Because non-linear interferometer 305 is disposed 
such that its aXis makes an angle of (l/z?eP/z?o) With respect 
to the positive X-aXis, then it is easily shoWn by simple 
geometry and the re?ection laW that the re?ected portions of 
sub-signals 307 and 308 make angles of (n+0e) and (n+00), 
respectively, With respect to the direction of the positive 
X-aXis. That is, the re?ected portions of sub-signals 307 and 
308 make angles of 0e and 00, respectively, With respect to 
the X-aXis, taken Without regard to direction. Thus, as shoWn 
in FIG. 5, the re?ected portion of sub-signal 307 is parallel 
to the pre-re?ection portion of sub-signal 308 and the 
re?ected portion of sub-signal 308 is parallel to the pre 
re?ection portion of sub-signal 307. 

The operation of the dense optical channel comb ?lter 300 
is noW described With reference to FIGS. 6 and 7 Which 
illustrate the pathWays of odd- and even-channel signals, 
respectively, through comb ?lter 300. In these tWo ?gures, 
the positive X-aXis is taken as the main aXis of comb ?lter 
300 in the direction of initial propagation of signal 306. The 
light of signal 306 emerges from ?ber 301 as a diverging 
cone. Because lens 303 is centered at a distance, f, from the 
face of ?ber 301 from Which this signal light emanates, the 
lens 303 intercepts this diverging signal 306 and collimates 
it into a parallel beam as shoWn in both FIGS. 6 and 7. After 
passing through lens 303, the signal 306 propagates along 
the positive X-aXis until it is intercepted by the birefringent 
Wedge 304. After passing through the Wedge 304, the signal 
306 is separated into tWo collimated sub-signals 307 and 308 
Whose propagation directions are at angles of 00 and 06, 
respectively, With respect to the positive X-aXis. 

The tWo sub-signals 307 and 308 travel to and are 
re?ected by the non-linear interferometer 305. After re?ec 
tion by non-linear interferometer 305 both sub-signals 307 
and 308 pass through birefringent Wedge 304 in the reverse 
direction. TWo separate cases may be distinguished, depend 
ing upon Whether sub-signals 307 and 308 belong to the set 
of odd channels or to the set of even channels, illustrated in 
FIGS. 6 and 7, respectively. If sub-signals 307 and 308 are 
of a Wavelength belonging to the set of odd channels, then 
no change in polariZation direction occurs during re?ection 
by the non-linear interferometer 305. Thus, if they are of the 
set of odd channels, sub-signal 307 and sub-signal 308 
maintain polariZation directions consonant With their origi 
nal identities, during their forWard traverse through Wedge 
304, as an o-ray and an e-ray, respectively, and are thus 
de?ected by angles of —00 and —0e, respectively, during their 
return traverse through this Wedge. 

Conversely, if sub-signals 307 and 308 are of a Wave 
length belonging to the set of even channels, then they incur 
a 90° rotation of their respective polariZation directions 
during re?ection by the non-linear interferometer 305. Thus, 
if they are of the set of even channels, sub-signal 307 and 
sub-signal 308 are characteriZed by polariZation directions 
consonant With e-rays and o-rays, respectively, during their 
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6 
return traverse through Wedge 304 and are thus de?ected by 
angles of —0e and —00, respectively, during their return 
traverse through this Wedge. As a result, after passing 
through Wedge 304 in the reverse direction, the odd-channel 
sub-signals 307 and 308 propagate along directions given by 
(n+0€—00)>rc and (n+00—0€)<rc, respectively, With regard to 
the positive X-aXis and the even-channel sub-signals 307 and 
308 propagate along directions given by (n+0€—0€)=rc and 
(n+0O—00)=rc, respectively, With regard to the positive 
X-aXis. 

After passing through Wedge 304 in the return direction, 
the collimated beam sub-signals 307 and 308 are intercepted 
by lens 303 Which brings each to a focus on the side of lens 
303 facing the ?bers 301 and 302. As shoWn in FIG. 6, 
because the returning odd-channel sub-signals 307 and 308 
do not propagate parallel to the negative X-aXis prior to being 
intercepted by lens 303, they are brought to separate foci 
Which do not coincide With the output ?ber 302. Such 
sub-signals are thus lost from the system. 

Conversely, as shoWn in FIG. 7, returning even-channel 
sub-signals 307 and 308 propagate parallel to the negative 
X-aXis as they are intercepted by lens 303, and are thus 
brought to foci that are coincident With each other and also 
With the lens focal point. Since output ?ber 302 is also 
disposed at the focal point of lens 303, these even-channel 
sub-signals are intercepted by and transferred to output ?ber 
302. The even-channel signals 306 are thus regenerated at 
output ?ber 302 from the convergence of the even-channel 
sub-signals 307 and 308. In this manner, the ?lter 300 
performs as a dense optical channel comb ?lter that transfers 
signals belonging to the set of even channels from input ?ber 
301 to output ?ber 302 While simultaneously rejecting 
signals belonging to the odd channels. 
As described above, the dense optical channel comb ?lter 

300 of the present invention creates an advantage, When 
used in conjunction With a dense optical channel separator, 
of increased isolation of the odd channel and the even 
channel sub-signals from one another. Furthermore, the 
present invention has the added advantage of increased 
stability against offset and drift, in comparison to conven 
tional optical components. This is illustrated in FIG. 8, 
Which shoWs a sample spectrum curve 810 composed of 
numerous channels as it propagates through the components 
of a ?ber optic communications system. Using conventional 
components, this composite signal must conform to a set of 
very narroW pass bands. NarroW pass bands of optical 
components are problematic because, due to the physical 
limitations and temperature sensitivity of signal source laser 
devices, they never emit light exactly at the center Wave 
lengths of such pass bands. The difference betWeen the 
actual Wavelength and the Wavelength at the center of the 
pass band is the “offset.” The amount of offset or change in 
offset (“drift”) ideally should not be larger than the Widths 
of the pass bands. OtherWise, the crosstalk betWeen channels 
Will be too large. 

The typical optical channel spectrum curve 810 associated 
With conventional components has no crosstalk but has a 
very narroW isolation band 830 and a very narroW pass band 
820. The spectrum curve 840 of the dense optical channel 
comb ?lter 300 of the present invention has a different shape 
as a result of the properties of the non-linear interferometer 
305 of Which it the comb ?lter is comprised. In the spectrum 
curve 840, there is a small amount of band shape distortion 
850, a signi?cantly Wider isolation band 860, and ?atter 
curve tips Which result in a Wider pass band 870. Thus, the 
optical channel comb ?lter 300 of the present invention 
conforms to Wider pass and isolation bands than do conven 
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tional optical components, thereby making the curve more 
stable and tolerant to channel offset and drift and less 
susceptible to cross talk. 

In the preceding discussion, the dense optical channel 
comb ?lter 300 of the present invention has been described 
as a device that alloWs passage therethrough of even chan 
nels While simultaneously prohibiting passage of odd chan 
nels. HoWever, it Will be understood by one of ordinary skill 
in the art that this invention may also be constructed so as 
to alloW passage of odd channels While prohibiting passage 
of even channels Without departing from the spirit and scope 
of the present invention. Such a modi?cation is readily 
performed by adjusting the properties of the non-linear 
interferometer 305 such that, for instance, light rays of 
Wavelengths corresponding to odd channels are re?ected 
therefrom With polariZation rotation Whilst light rays of 
Wavelengths corresponding to even channels are re?ected 
therefrom Without polariZation rotation. Indeed, the use of 
“odd channel” and “even channel” terminology in this 
speci?cation is made for the convenience of the reader only 
and does not imply restriction of the present invention to any 
particular optical channel enumeration scheme or Wave 
length spacing. Adaptation of the present invention for use 
With any one of numerous optical channel con?gurations 
and or systems Will be understood by one of ordinary skill 
in the art and is Within the spirit and scope of the present 
invention. 
A mechanism for minimiZing channel leakage in a dense 

Wavelength division system has been disclosed. The mecha 
nism of the present invention uses a dense channel comb 
?lter Which comprises a birefringent Wedge and a non-linear 
interferometer to minimiZe channel leakage. The dense 
optical channel comb ?lter of the present invention separates 
an optical signal into optical channels and transmits every 
second channel and eliminates all other channels. The 
present invention provides an improved efficiency of sepa 
ration of channels When used to supplement an optical 
channel separator. The present invention also provides a 
higher tolerance to drifts than is provided by conventional 
optical ?lters due to the increase in the Widths of the pass 
bands. The materials required to manufacture and imple 
ment the dense optical channel comb ?lter in accordance 
With the present invention are readily available. The present 
invention thus does not require special or expensive mate 
rials or processes. It is thus cost effective. 

Although the present invention has been described in 
accordance With the embodiments shoWn, one of ordinary 
skill in the art Will readily recogniZe that there could be 
variations to the embodiments and those variations Would be 
Within the spirit and scope of the present invention. 
Accordingly, many modi?cations may be made by one of 
ordinary skill in the art Without departing from the spirit and 
scope of the appended claims. 
What is claimed is: 
1. A dense Wavelength division multiplexer for separating 

an optical signal into optical channels, comprising: 
means for inputting an optical signal, the optical signal 

comprising a plurality of optical channels; 
at least one channel separator optically coupled to the 

inputting means; 
at least one dense optical channel comb ?lter optically 

coupled to the channel separator; and 
means for outputting the separated plurality of optical 

channels along a plurality of optical paths, optically 
coupled to the at least one dense optical channel comb 
?lter. 
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2. The multiplexer of claim 1, Wherein the inputting 

means comprises at least one optic ?ber. 
3. The multiplexer of claim 1, Wherein the outputting 

means comprises at least one optic ?ber. 
4. The multiplexer of claim 1, Wherein the at least one 

dense optical channel comb ?lter comprises: 
a lens optically coupled to the inputting means disposed 

at a distance equal to the focal length of the lens; 
a birefringent Wedge optically coupled to the lens at a side 

opposite to the inputting means; and 
a non-linear interferometer optically coupled to the bire 

fringent Wedge at a side opposite to the lens. 
5. The multiplexer of claim 4, Wherein the non-linear 

interferometer is tilted. 
6. The multiplexer of claim 4, Wherein the non-linear 

interferometer comprises: 
a ?rst glass plate optically coupled to a second glass plate, 

forming a cavity; 
a ?rst re?ective coating residing inside the cavity and on 

the second glass plate; 
a second re?ective coating residing inside the cavity and 

on the ?rst glass plate; 
a ?rst Waveplate residing inside the cavity betWeen the 

?rst and second glass plates; and 
a second Waveplate residing outside the cavity and opti 

cally coupled to the ?rst glass plate. 
7. The multiplexer of claim 6, Wherein the ?rst re?ective 

coating comprises a re?ective coating With a re?ectivity of 
100%. 

8. The multiplexer of claim 6, Wherein the second re?ec 
tive coating comprises a re?ective coating With a re?ectivity 
of approximately 18%. 

9. The multiplexer of claim 6, Wherein the ?rst Waveplate 
comprises a N4 Waveplate. 

10. The multiplexer of claim 6, Wherein the second 
Waveplate comprises a N8 Waveplate. 

11. A dense Wavelength division multiplexer for separat 
ing an optical signal into optical channels, comprising: 
means for inputting an optical signal, the optical signal 

comprising a plurality of optical channels; 
at least one channel separator optically coupled to the 

inputting means; 
at least one dense optical channel comb ?lter, comprising 

a lens optically coupled to the at least one channel 
separator disposed at a distance equal to the focal 
length of the lens, 

a birefringent Wedge optically coupled to the lens at a 
side opposite to the at least one channel separator, 
and 

a non-linear interferometer optically coupled to the 
birefringent Wedge at a side opposite to the lens; and 

means for outputting the separated plurality of optical 
channels along a plurality of optical paths, optically 
coupled to the at least one dense optical channel comb 
?lter. 

12. The multiplexer of claim 11, Wherein the inputting 
means comprises at least one optic ?ber. 

13. The multiplexer of claim 11, Wherein the outputting 
means comprises at least one optic ?ber. 

14. The multiplexer of claim 11, Wherein the non-linear 
interferometer is tilted. 

15. The multiplexer of claim 11, Wherein the non-linear 
interferometer comprises: 

a ?rst glass plate optically coupled to a second glass plate, 
forming a cavity; 
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a ?rst re?ective coating residing inside the cavity and on 
the second glass plate; 

a second re?ective coating residing inside the cavity and 
on the ?rst glass plate; 

a ?rst Waveplate residing inside the cavity betWeen the 
?rst and second glass plates; and 

a second Waveplate residing outside the cavity and opti 
cally coupled to the ?rst glass plate. 

16. The multiplexer of claim 15, Wherein the ?rst re?ec 
tive coating comprises a re?ective coating With a re?ectivity 
of 100%. 

17. The multiplexer of claim 15, Wherein the second 
re?ective coating comprises a re?ective coating With a 
re?ectivity of approximately 18%. 

18. The multiplexer of claim 15, Wherein the ?rst Wave 
plate comprises a N4 Waveplate. 

19. The multiplexer of claim 15, Wherein the second 
Waveplate comprises a N8 Waveplate. 

20. A dense optical channel comb ?lter for minimizing 
channel leakage, comprising: 

a lens optically coupled to an inputting means disposed at 
a distance equal to a focal length of the lens; 

a birefringent Wedge optically coupled to the lens at a side 
opposite to the inputting means; and 

a non-linear interferometer optically coupled to the bire 
fringent Wedge at a side opposite to the lens. 
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21. The ?lter of claim 20, Wherein the non-linear inter 

ferometer is tilted. 
22. The ?lter of claim 20, Wherein the non-linear inter 

ferometer comprises: 
a ?rst glass plate optically coupled to a second glass plate, 

forming a cavity; 
a ?rst re?ective coating residing inside the cavity and on 

the second glass plate; 
a second re?ective coating residing inside the cavity and 

on the ?rst glass plate; 
a ?rst Waveplate residing inside the cavity betWeen the 

?rst and second glass plates; and 
a second Waveplate residing outside the cavity and opti 

cally coupled to the ?rst glass plate. 
23. The ?lter of claim 22, Wherein the ?rst re?ective 

coating comprises a re?ective coating With a re?ectivity of 
100%. 

24. The ?lter of claim 22, Wherein the second re?ective 
coating comprises a re?ective coating With a re?ectivity of 
approximately 18%. 

25. The ?lter of claim 22, Wherein the ?rst Waveplate 
comprises a N4 Waveplate. 

26. The ?lter of claim 22, Wherein the second Waveplate 
comprises a N8 Waveplate. 

* * * * * 


